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Reduced-Size Microstrip Patch Antenna for 
Bluetooth Applications 
 
 
Lu Lu and J.C. Coetzee 
 
 
 
A novel reduced-size microstrip rectangular patch antenna for Bluetooth 
operation is presented in this paper. The proposed antenna operates in the 
2400 to 2484 MHz ISM Band. Although an air substrate is introduced, 
antenna occupies a small volume of 33.3×6.6×0.8 mm3. The gain and the 
impedance bandwidth of the antenna are predicted using a commercial Finite 
Element Method software package. The predicted results show good 
agreement with measured data. 
 
Introduction: The demand for Bluetooth support of the mobile devices has 
experienced tremendous growth in recent years. Bluetooth technology 
supports short distance, low data rate wireless communications. The 
antennas used for Bluetooth applications include planar monopole antennas 
and conventional patch antennas [1]. Bluetooth technology may be 
implemented in a small integrated circuit, but the available Bluetooth antenna 
designs still require a relatively large space.   
 
The introduction of an air gap between the substrate layer and the ground of a 
microstrip antenna has the effect of tuning the resonant frequency and 
increasing the impedance bandwidth [2]-[5]. It is also claimed that the air gap 
could help to reduce the antenna size. However, the designs reported in the 
literature are not suitable for commercial implementation due to the unstable 
support of the substrate layer over the ground layer. In this letter, we propose 
a double layer rectangular patch antenna. With the additional air gap, the 
antenna achieves a bandwidth of 6.7% at 2.4 GHz and reasonable gain (1 to 
1.5 dBi over the operational bandwidth).  The antenna patch and ground 
plane are etched on two FR4 substrates, and commercially available MCX 
connectors provide firm support for the patch. This antenna produces 
repeatable performance, is easy to manufacture and suitable for mass 
production. 
 
Antenna Design Fig.1 depicts the geometry of the proposed double layer 
rectangular patch antenna. The radiating patch is printed on the upper surface 
of the top substrate which has a compact size of 33.3×6.6 mm2. The antenna 
patch width is 6 mm, i.e. only 0.05λ0. According to [6], this choice places the 
antennas dimensions close to the boundary between microstrip patch and 
dipole antennas. Consequently, a dipole approximation can be used to 
calculate the patch length as λ/4 = 28.48 mm (analogous to one arm of a 
dipole). Here λ is the wavelength associated with the multilayered substrate, 
calculated by first obtaining the effective dielectric constant εeff [7]. The 
dielectric constant, substrate thickness and substrate width of the patch layer 
substrate have been found to have a significant effect on resonance of the 
antenna. Experiments have shown that substrates with dielectric constants 
ranging from 2.98 to 6.15 and thickness of 0.8 mm achieve good resonance. 
The thickness of the patch layer substrate must be restricted to a maximum of 
0.8 mm to ensure a working bandwidth.  For the prototype antenna, FR4 (εr = 
4.4) substrate was chosen due to its wide availability and low cost. The 
substrate width is designed to be slightly larger than the connector base.  
 
The feeding structure is a direct probe feed. A male/female pair of 50 Ω MCX 
connectors is used to feed the radiating patch and to provide physical support 
between the patch and the ground substrates. A square is printed on the 
bottom surface of the patch substrate. Its size is chosen to match the base of 
the MCX male connector.  
 
The thickness of the air substrate is determined by the connector length. For 
the MCX V8830 connector used in this case, this was fixed to 8.3 mm. 
Experiments were conducted by soldering additional metallic layers onto the 
upper surface of the bottom substrate. The measured results show that a 
reduction of the air substrate thickness to 3 mm would shift the resonant 
frequency up to 2.7 GHz while increasing the bandwidth to 300 MHz.  
 
The ground plane is printed on the top surface of the bottom substrate. As for 
the top layer, FR4 substrate with a thickness of 0.8 mm was used for the 
bottom layer. An external connection is provided via either a microstrip line or 
a conductor-back coplanar waveguide (CBCPW) printed on the bottom 
surface of the ground layer, which produces similar results. For the prototype 
antenna, a CBCPW feed was selected. The outer metal surface of the MCX 
connectors is connected to the ground plane. The inner conductor of the 
connector protrudes through a hole in the bottom substrate and is soldered 
onto the CPW feed line. The width and especially the length of the ground 
plane have to be larger than those of the patch, thus limiting the effects of 
these dimensions on the radiation pattern and the input impedance. In this 
case, the dimensions of ground plane were chosen as 38×19 mm, i.e. triple 
the width and 5 mm longer than the patch.  
 
In order to achieve the best performance, optimization of the various 
dimensions of the patch and the ground were performed using HFSS 
[8] .Various geometrical dimensions are listed in Table 1. 
 
Experimental Results: The simulated and measured results for the reflection 
coefficient (S11) are shown in Fig. 2. Good agreement between the simulated 
and measured results is observed. The resonant frequency covers the 2.4 
GHz ISM band (2400 MHz to 2484 MHz). The measured antenna gain is 
shown in Fig. 3. The antenna gain ranges from 1 to 1.5 dBi over the 2.4 GHz 
ISM Band. The H-plane and E-plane radiation patterns are shown in Fig.4. It 
can be seen that the plotted E field forms a semi circle from θ=90º to θ=270º. 
The radiation pattern in the azimuth plane is virtually omni-directional.  
 
Conclusion: A novel double-layer microstrip antenna for Bluetooth 
applications has been proposed. The antenna occupies a small volume of 
33.3×6.6×0.8 mm3 and the usable bandwidth covers the 2.4 GHz ISM band. 
The antenna has attractive radiation characteristics. It is easy to manufacture 
and suitable for mass production. 
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Figure captions: 
Fig. 1: Geometry of the antenna  
 
Fig. 2 Impedance bandwidth against frequency 
—— HFSS Simulation 
 Measurement 
Fig. 3 Measured antenna gain against frequency 
 
Fig. 4 Measured radiation pattern 
—— H-Plane 
 E-Plane 
 
 
Table captions: 
Table 1 Antenna dimensions 
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Table 1 
εr l0 w0 l1 w1 wd h0 r0 r1 s0 l2 w2 lf wf 
4.4 33.3 6.6 28.6 6 6.43 5.5 0.5 1.8 1 38 19 33.5 1.44
 
 
 
